INTRODUCTION
============

Ankylosing spondylitis (AS) is a polygenic chronic inflammatory disease predominantly affecting the axial skeleton which leads to the new bone formation and disability. However, the link between new bone formation and inflammation in AS has not yet been fully understood \[[@R1], [@R2]\]. Furthermore, it is clearly demonstrated that new bone formation shows great variance in AS patients so that some patients never develop syndesmophytes throughout the entire disease span, whereas some rapidly develop spinal fusion \[[@R3], [@R4]\]. The extent of new bone formation is thought to be determined primarily by genetic factors with the contribution of environmental and acquired factors \[[@R5]\]. Despite growing evidence in the last decade for a genetic predisposition of the new bone formation, controversy remains for the individual genetic determinants of radiographic severity in AS. Recent genome-wide association studies have provided new insights into the AS pathogenesis, such as identification of new susceptibility genes other than HLA-B27 \[[@R6]-[@R8]\]. The strongest associations for AS susceptibility were identified in *ERAP1* and *IL-23R* genes, contributing to 26% and 9% of AS risk, respectively \[[@R6]\]. *ERAP1* gene product has an important role in antigen processing and regulates trimming of N-terminally extended peptides to their final epitopes, which are then presented by the major histocompatibility complex class I molecules \[[@R9], [@R10]\]. *IL-23R* gene encodes the receptor of IL-23, the key cytokine in the differentiation of naive CD4+ T cells into IL-17 producing T helper cells \[[@R11]\]. Polymorphisms in both genes have potential implications on inflammatory pathways in AS \[[@R12]\]. A strong association between the prostaglandin E receptor 4 (*PTGER4*) gene and AS susceptibility has also been reported \[[@R8]\]. The receptor encoded by this gene can activate T-cell factor signaling, mediate PGE2-induced expression of early growth response 1, and regulate the level and stability of cyclooxygenase-2 mRNA \[[@R13]\]. As a component of the "mechanostat" which regulates the anabolic bone response to physical stress at sites such as the enthesis, *PTGER4* single nucleotide polymorphisms (SNP) may have a role in the new bone formation of AS \[[@R8]\].

The associations of these gene SNPs with AS have been well-established and replicated in multiple studies \[[@R14]-[@R17]\]. However, the contribution of these genes to radiographic severity/progression in AS has been investigated in only three studies in which radiographic severity or progression has been defined vaguely and differently \[[@R17]-[@R19]\]. Radiographic progression in AS is a very slow process \[[@R3], [@R4]\] in which determinants remain unclear. Therefore, in the present study, patients with AS were divided into two highly distinct groups: 1. Mild-AS defined as no evidence of axial radiographic progression following at least 10 years of disease duration, 2. Severe-AS defined as the presence of multiple bridging or syndesmophytes regardless of the disease duration. The primary aim of the study was to investigate the possible associations between *ERAP1, IL23R,* and *PTGER4* gene polymorphisms which are linked to alterations in inflammatory pathways and new bone formation, and radiographic severity of AS. A second objective was to identify clinical characteristics associated with severe radiographic AS.

PATIENTS AND METHODS
====================

Study Design and Patients
-------------------------

This cross-sectional study comprised of a total of 235 patients fulfilling the 1984 modified New York criteria for AS \[[@R20]\]. Patients were unrelated Caucasians recruited from a single center. Patients' demographics, disease characteristics including peripheral arthritis, extra-articular manifestations, HLA-B27 status, joint and spinal surgery history, and previous medications were collected. All patients had lumbar and cervical vertebral radiographs in anteroposterior and lateral planes taken within the last six months prior to the study entry. Patients who had other concomitant inflammatory diseases or did not fulfill the mild or severe radiographic AS criteria defined in the following section (*i.e.* intermediate changes) were excluded. The study was approved by the Marmara University local ethics committee (B.30.2.MAR.0.01.02/AEK/196 Date: 23.02.2012), and informed consent was obtained from all patients according to the Declaration of Helsinki before study entry.

Radiographic Scoring and Severity Classification
------------------------------------------------

Lumbar and cervical radiographs were scored using modified Stoke AS spinal score (mSASSS) system \[[@R21]\] by 2 rheumatologists (GO, PA) blinded to clinical data. Inter-observer reliability was good with a Cohen's kappa of 0.93.

Currently there is no well-defined uniform definition for radiographic severity of AS in the literature. In this study, we classified the patients as mild radiographic AS and severe radiographic AS according to mSASSS scores. Mild-AS was defined as having an mSASSS of "0" following at least 10 years of disease duration. Patients with an earlier phase of axial involvement, *i.e.*, patients with at least one vertebral corner scored as "1", were excluded from the mild group. Severe-AS was defined as having an mSASSS of \>20 (vertebral corners scored with "1" were not added to the total score, *i.e.*, only syndesmophytes and bridging were scored to include patients with extensive radiographic progression) regardless of disease duration. Because the first 10 years is the period in which the majority of radiographic progression occurs \[[@R22]\], having no radiographic progression (mSASSS=0) after 10 years of disease was considered mild radiographic AS. On the other hand, mSASSS \>20 was chosen as severity cut-off since a score of \>20 without counting "1" requires bridging of at least 3 vertebrae or syndesmophytes at about one-third of the scored vertebral sites which is associated with significant functional disability and predicts further radiographic progression. A total of 430 patients' radiographs were scored. Patients with only squaring, sclerosis or erosion (n=119) and patients with syndesmophytes but mSASSS \<20 (n=76) were excluded. Sixty-four and 171 patients were classified as severe and mild radiographic AS, respectively and included in the study.

SNP Selection, DNA Extraction and Genotyping
--------------------------------------------

rs27044 and rs30187 (*ERAP1* gene), rs11209032 (*IL23R* gene) and rs10440635 (*PTGER4* gene) SNPs were genotyped. The rationale for selecting these SNPs is that they are the most commonly and highly associated SNPs in AS susceptibility in Caucasian populations with odd ratios (OR) of 1.40, 1.33, 1.70 and 1.20, respectively \[[@R7], [@R8], [@R17], [@R23], [@R24]\].

Venous blood samples (2 mL) were collected from study participants into EDTA-containing tubes and stored at +4 ^o^C until analysis. Genomic DNA was isolated from peripheral blood leukocytes using the High Pure Polymerase Chain Reaction (PCR) Template Preparation Kit (Roche Diagnostics GmbH, Mannheim, Germany) and used as a template for genotyping procedures. SNPs variant (*IL23R* rs11209032, *PTGER4* rs10440635, *ERAP1* rs30187 and 27044) genotyping was performed by allelic discrimination using specific Taqman Probes (Applied Biosystems, Foster City, CA, USA). PCR conditions were as follows: initial denaturation at 95°C for 10 minutes, followed by 45 cycles of denaturing at 95°C for 15 seconds, and annealing and extension at 60°C for 1 minute. All assays were performed in 96-well plates, including negative template controls.

Statistical Analyses
--------------------

Continuous variables were presented as mean±SD if variables were normally distributed and as median with interquartile ranges (IQR) if not. The differences in demographic and disease characteristics of mild and severe radiographic AS patients were evaluated using either Chi-square and Student-t test or nonparametric tests (Wilcoxon's signed rank test, Mann- Whitney U test), as applicable. Comparisons of the genotype distributions and allele frequencies were analyzed using the Chi-square test. The Odds ratios (OR) and 95% confidence interval of the relevant SNPs for radiographic severity were calculated by using logistic regression analysis, controlling for gender, disease duration, HLA-B27 and smoking status. The candidate factors associated with radiographic severity of AS identified in univariate analysis with a *P* value of \<0.05 were analyzed using a stepwise multivariable logistic regression model to determine independent factors for severe-radiographic AS. The following variables were included in the analysis: gender, coxofemoral joint involvement, uveitis, smoking, and HLA-B27 status. Hosmer-Lemeshow goodness of fit statistics was used to assess model fit. The level of significance was chosen to be *P*\<0.05.

A priori sample size calculation was performed using the minor allele frequencies described in the European population for the four SNPs included in this study (<http://www.broadinstitute.org/mammals/haploreg/haploreg.php>), for a desired power of 80% with a significance level of 5%. The minimum required sample size was calculated using the Bioinformatics Institute's Online Sample Size Estimator (<http://osse.bii.a-star.edu.sg/calculation1.php>) with the assumption of the proportions of risky alleles of 65% and 40% in the severe and mild group, respectively. Severe- to mild-AS patient ratio was set as 1:2 and the sample size calculation yielded at least 46 patients for the severe group and 92 patients for the mild group. Statistical analysis was performed using the SPSS software version 16.0 (SPSS, Chicago, IL).

RESULTS
=======

Characteristics of Study Patients
---------------------------------

A total of 235 AS (F/M=97/138, mean age 42.1±11.0 years, mean disease duration 16.5±7.2 years) patients were included in the study. HLA-B27 was positive in 142 (60.4%) patients. Sixty-one (26%) had coxofemoral joint involvement and 94 (40%) patients had any extra-articular involvement, with 37 (15.7%) and 63 (26.8%) patients uveitis and enthesitis were the most common, respectively. Of the 235 patients, 223 (95%) were previously exposed to nonsteroidal anti-inflammatory drugs (NSAIDs), and 108 (45.9%) patients were on NSAIDs and 88 (37.4%) on tumour necrosis factor-α inhibitors (TNFi) at the time of the study. According to the severity classification by mSASSS, 171 (72.8%) patients were classified as mild-AS and 64 (27.2%) as severe-AS (mean mSASSS 0 *vs.* 48.5±17.8, *P*\<0.001). Severe-AS patients were mainly male and significantly older, had longer disease durations, higher acute phase reactants, more frequent extra-articular and coxofemoral joint involvement, HLA-B27 positivity, and TNFi use Table **[1](#T1){ref-type="table"}**.

Association of *ERAP1*, *IL23R* and *PTGER4* SNPs on Radiographic Severity
--------------------------------------------------------------------------

The genotype frequency of the entire AS cohort is shown in Table **[2](#T2){ref-type="table"}**. There was no significant difference in the genotype distributions of *ERAP1* rs27044 and rs30187, *IL23R* rs11209032 and *PTGER4* rs10440635 SNPs between severe and mild radiographic AS (Table **[3](#T3){ref-type="table"}**).

The genotype frequencies did not change when mild- and severe-AS patients were categorized by gender or HLA-B27 positivity. Similarly, compound minor allele carrier state (any combination of *ERAP1* SNPs or *IL23R* rs11209032 and *PTGER4* rs10440635 SNPs) did not change significantly among mild- and severe-AS patients. Allele frequencies of the SNPs were also comparable in both mild- and severe-AS patients. After adjustment for clinical differences between the two groups (gender, disease duration, HLA-B27 and smoking status), by logistic regression analysis none of the alleles in the investigated SNPs were found to be associated with radiographic severity of the AS (Table **[4](#T4){ref-type="table"}**).

The association of these SNPs with other clinical manifestations of AS, especially coxofemoral joint involvement and uveitis, was also evaluated. Patients with coxofemoral joint involvement or uveitis had significantly higher mSASSS scores than patients without these disease features. However, the genotype distributions and allele frequencies of these SNPs were not different. In patients with and without enthesitis, neither mSASSS nor genotype distributions nor allele frequencies of these 4 SNPs were significantly different as well.

As severe radiographic AS patients had higher acute phase reactants (patients with elevated CRP (\>10mg/L) also had higher mSASSS scores, median (IQR) 0 \[0-40\] *vs* 0 \[0-0\], *P*=0.001) and these SNPs were supposed to have a role in inflammatory pathways, genotype distributions and allele frequencies of *ERAP1*, *IL23R* and *PTGER4* SNPs were also compared in patients with and without elevated CRP, though no difference was identified.

Clinical Determinants of Radiographic Severity
----------------------------------------------

In univariate analysis, male gender (OR 4.29, *P*\<0.001), coxofemoral joint involvement (OR 2.65, *P*=0.002), uveitis (OR 2.73, *P*=0.005) and HLA-B27 positivity (OR 2.21, *P*=0.013) were significantly associated with radiographic severity of AS (Table **[1](#T1){ref-type="table"}**). In multi-variate analysis, male gender (OR=5.95, 95% CI (2.74 to 12.90), *P*\<0.001) and coxofemoral joint involvement (OR=2.21, 95% CI (1.14 to 4.27), *P*=0.018) were the sole clinical features independently associated with severe radiographic AS.

DISCUSSION
==========

Radiographic damage in AS is a slow process, and its extent and rate varies among patients \[[@R22]\]. However, it is currently unknown which patients are more likely to develop significant radiographic damage of the spine and which patients are not. This is the first study to examine the association of inflammation (*ERAP1* and *IL23R*) and new bone formation (*PTGER4*) gene variants with radiographic severity of AS. We found that the risk allele frequencies of *ERAP1* rs27044 and rs30187, *IL23R* rs11209032 and *PTGER4* rs10440635 SNPs were high in AS patients but not associated with the spinal radiographic severity. Male gender and coxofemoral joint involvement were significant clinical determinants associated with severe radiographic AS.

The association between *ERAP1* rs27044 and rs30187, *IL23R* rs11209032 and *PTGER4* rs10440635 SNPs and susceptibility to AS has been previously reported in numerous studies \[[@R7], [@R8], [@R15]-[@R17], [@R23]\]. On the other hand, a few studies with different radiographic severity definitions addressed the association of these SNPs with radiographic severity of AS \[[@R17]-[@R19]\]. A Taiwanese study of AS patients (HLA-B27 positivity \~92%) categorized as syndesmophyte (+) and (-) reported that *ERAP1* rs27044 G allele (OR=1.59) and rs30187 T allele (OR=1.63) were modestly associated with syndesmophyte formation \[[@R19]\]. Another study conducted in Chinese Han AS patients showed that *PTGER4* rs10440635 AA genotype was more frequent in severe patients compared to healthy controls (severe AS definition: surgery requirement within the first 10 years of the disease due to inability to stand upright, look straight ahead, or compression of the viscera due to kyphosis) \[[@R17]\]. However, genotype or allele frequencies of severe and normal type of AS were not compared in that study \[[@R17]\]. Differences in ethnicities and radiographic severity definitions might explain the discrepancy in our study. In the Taiwanese study, the mean mSASSS of the syndesmophyte (+) and (-) groups were not reported, and the normal group patients in the Han Chinese study may also have syndesmophytes as implied by the mSASSS scores of groups (severe *vs.* normal: 36.4±20.7 *vs.* 7.71±1.86) \[[@R17], [@R19]\]. A recent study investigating the association of SNPs in genes involved in antigen presentation with radiographic severity and progression reported that *ERAP1* rs30187 SNP was associated with the baseline mSASSS in univariate analysis \[[@R18]\]. However, none of the examined SNPs of *ERAP1*gene were associated with radiographic progression (increase of mSASSS ≥1 unit per year) \[[@R18]\]. Although this is indirectly consistent with our findings, due to the slowly progressive nature of the disease, studies with longer follow-up would be more informative for differentiation of progressors and non-progressors \[[@R18]\]. For the *IL23R* polymorphisms, a French study reported an association between *IL23R* rs11209026 SNP and radiographic sacroiliitis in AS patients without addressing vertebral changes \[[@R24]\], whereas a Portugese study found no association between *IL23R* SNPs and functional status \[[@R14]\].

Consistent with previous reports on radiographic severity \[[@R25]-[@R27]\], we found that male gender and coxofemoral joint involvement were associated with more severe axial disease. In contrast to our previous data \[[@R28]\], we could not demonstrate any association between HLA-B27 positivity and radiographic severity in this cohort which might be due to the differences in severity categorization. In the prospective OASIS cohort, HLA-B27 positive male AS patients had more severe radiographic progression \[[@R29]\]. On the other hand, HLA-B27 was not associated with radiographic severity in the TASC and SPARCC cohorts in which the HLA-B27 negativity was low \[[@R30]\]. As previously reported by us and others from Turkey, HLA-B27 positivity in Turkish AS patients is relatively low (\~70%) in comparison to other Caucasian populations \[[@R28], [@R31]\]. Patient selection criteria for radiographic severity and the prevalance of HLA-B27 in the study population may have implications on the associations found.

Lastly, there are several hypotheses that ankylosis starts from entheseal inflammation sites \[[@R32], [@R33]\]. However, in examination of mSASSS scores and *ERAP*, *IL23R* and *PTGER4* SNPs' genotypes of patient who had enthesitis and who did not, we could not observe any significant difference.

Clear differentiation of mild and severe radiographic AS groups is an important stratification to study the effect of genes on axial new bone formation in a disease where the rate of progression is not uniform among patients. This differentiation represents the two extremes of the radiographic severity of AS incorporating time into the equation, therefore enhancing the possibility of determining the factors that may have impact on new bone formation. Thus, the present study is the first to evaluate the effect of these SNPs on axial radiographic severity of AS in such a well-separated group of AS patients.

This study has also some limitations worth noting. First, the sample size was relatively small. However, when we compared the genotype distributions of our entire cohorts, and mild and severe groups with another Turkish AS cohort (HLA-B27 \[+\] 66.7%) evaluating the association of *ERAP1* polymorphisms with AS susceptibility, we found that *ERAP1* rs27044 and rs30187 genotype distributions were quite similar to ours \[[@R15]\]. Second, patients in the mild group had relatively shorter disease duration (mean 14.1±4.8 years) than in the severe group and it may be assumed that some of the patients in the mild group could potentially progress to the severe group over time. However, the only long-term study addressing the natural disease course of AS reported that only 26% of the AS patients with mild functional loss after ten years of disease duration experienced heavy functional loss in the follow-up \[[@R22]\]. Likewise, 81% of the patients who had severe spinal restriction after 36 years of follow-up were already severely restricted within the first 10 years, suggesting that a predictable pattern of ankylosing spondylitis emerges within the first 10 years of the disease. Moreover, one of the most important predictors of future vertebral damage is prevalent syndesmophytes at baseline \[[@R3], [@R18], [@R34]\]. Accordingly, progression from the mild to the severe group in the next 10 years seems unlikely in our mild-AS patients who had no syndesmophytes within the first 10 years of the disease. Lastly, some of the medications may have an influence on the radiographic severity of AS. However, within the current therapeutic options only long-term NSAIDs or TNFi have been shown to retard radiographic progression to some extent \[[@R35]-[@R38]\]. Although we could not retrieve the total NSAID duration and pattern (continous or on-demand) data, previous and current NSAID exposure in both groups were not different. Additionally, TNFi use was significantly less frequent in the mild group that selection bias due to medication effect is unlikely.

Radiographic severity is a marker of long-term damage in patients with AS. Current concepts consider new bone formation as a pathological response to inflammation-mediated injury. However, there are controversial data either supporting or rebuting this hypothesis \[[@R1], [@R2], [@R39], [@R40]\]. Although patients in the severe group had a higher inflammatory burden evident with the higher CRP and TNFi use, we could not find any association between three important SNPs in genes (*ERA1P* and *IL23R*) associated with inflammation, and one SNP in *PTGER4* gene associated with new bone formation. Further studies are required to clarify the genetic determinants of radiographic progression in AS, and the functionality of these genetic variants.

CONCLUSION
==========

This study has demonstrated that radiographic severity of AS that is substantially genetically-determined, is not associated with *ERAP1*, *IL23R* and *PTGER4* gene variants or HLA-B27.
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###### 

Demographics and disease characteristics of mild- and severe-AS patients\*.

                                             **Mild-AS (n = 171)**   **Severe-AS (n = 64)**   ***P* value**
  ------------------------------------------ ----------------------- ------------------------ ---------------
  **Male, n (%)**                            83 (48.5)               55 (85.9)                \<0.001
  **Age, years**                             38.7±9.4                51.2±9.8                 \<0.001
  **Disease duration, years**                14.1±4.8                23.0±8.5                 \<0.001
  **Ever-smoked n (%)**                      42 (24.6)               24 (37.5)                0.049
  **HLA-B27 positivity, n (%)**              95 (55.6)               47 (73.4)                0.013
  **Enthesitis, n (%)**                      44 (25.7)               19 (29.7)                0.543
  **Peripheral arthritis, n (%)**            75 (43.9)               31 (48.4)                0.531
  **Coxofemoral joint involvement, n (%)**   35 (20.5)               26 (40.6)                0.002
  **Uveitis, n (%)**                         20 (11.7)               17 (26.6)                0.005
  **TNFi ever-used, n (%)**                  64 (37.4)               43 (67.2)                \<0.001
  **NSAID current users, n (%)**             81 (47.4)               27 (42.2)                0.540
  **ESR, mm/h, median (IQR)**                20 (12-34)              30 (15.7-48)             0.005
  **CRP, mg/L, median (IQR)**                5 (3.4-9.2)             9.6 (3.6-20.1)           \<0.001
  **mSASSS (0-72)**                          0                       48.5±17.8                \<0.001

**\*** Values are presented as mean±SD, unless indicated otherwise. AS= Ankylosing spondylitis; TNFi= TNF inhibitor; NSAID= Nonsteroidal anti-inflammatory drugs; ESR= Erythrocyte sedimentation rate; CRP= C-reactive protein; mSASSS= modified Stokes AS spinal score.

###### 

Genotype frequencies of the 4 SNPs in *ERAP1*, *IL23R* and *PTGER4* in the entire cohort (n=235).

  **SNP**          **Gene**   **Genotype**   **Frequency**
  ---------------- ---------- -------------- ------------------
  **rs27044**      *ERAP1*    CC/ CG/ GG     0.48/ 0.46/ 0.06
  **rs30187**      *ERAP1*    CC/ TC/ TT     0.33/ 0.51/ 0.16
  **rs11209032**   *IL23R*    GG/ AG/ AA     0.31/ 0.45/ 0.24
  **rs10440635**   *PTGER4*   GG/ AG/ AA     0.23/ 0.50/ 0.27

###### 

Genotype distributions of *ERAP1*, *IL23R* and *PTGER4* SNPs and HLA-B27 status of mild and severe radiographic AS patients\*.

                            **Mild radiographic AS (n = 171)**   **Severe radiographic AS (n = 64)**   ***P* value**
  ------------------------- ------------------------------------ ------------------------------------- ---------------
  **HLA-B27 positivity**    95 (55.6%)                           47 (73.4)                             0.013
  ***ERAP1* rs27044**                                            0.69                                  
  **CC**                    85 (49.7)                            29 (45.3)                             
  **CG**                    77 (45)                              30 (46.9)                             
  **GG**                    9 (5.3)                              5 (7.8)                               
  ***ERAP1* rs30187**                                            0.66                                  
  **CC**                    59 (34.5)                            19 (29.7)                             
  **TC**                    87 (50.9)                            33 (51.6)                             
  **TT**                    25 (15.6)                            12 (18.8)                             
  ***IL23R* rs11209032**                                         0.43                                  
  **GG**                    54 (31.6)                            18 (28.1)                             
  **AG**                    80 (46.8)                            27 (42.2)                             
  **AA**                    37 (21.6)                            19 (29.7)                             
  ***PTGER4* rs10440635**                                        0.62                                  
  **GG**                    47 (27.5)                            17 (26.6)                             
  **AG**                    83 (48.5)                            35 (54.7)                             
  **AA**                    41 (24)                              12 (18.8)                             

**\***Values are provided as n (%).

###### 

The distribution of allele frequencies of *ERAP1*, *IL23R* and *PTGER4* SNPs of mild- and severe- radiographic AS patients\*.

  -----------------------------------------------------------------------------------------------------------------
                             **Mild-AS (n = 171)**   **Severe-AS (n = 64)**   ***P* value**   **OR (95%CI)**
  -------------------------- ----------------------- ------------------------ --------------- ---------------------
  ***ERAP1* rs30187**\       \                       \                        0.86            0.91 (0.34 to 2.4)
  **C**\                     59 (34.5)\              19 (29.7)\                               
  **T*^ǂ^***                 112 (65.5)              45 (70.3)                                

  ***ERAP1* rs27044**\       \                       \                        0.78            1.14 (0.46 to 2.84)
  **C**\                     85 (49.7)\              29 (45.3)\                               
  **G*^ǂ^***                 86 (50.3)               35 (54.7)                                

  ***IL23R* rs11209032**\    \                       \                        0.61            1.24 (0.54 to 2.85)
  **G**\                     54 (31.6)\              18 (28.1)\                               
  **A*^ǂ^***                 117 (68.4)              46 (71.9)                                

  ***PTGER4* rs10440635**\   \                       \                        0.39            0.68 (0.29 to 1.62)
  **G**\                     47 (27.5)\              17 (26.6)\                               
  **A*^ǂ^***                 124 (72.5)              47 (73.4)                                
  -----------------------------------------------------------------------------------------------------------------

**\***Values are provided as n (%). ^ǂ^Risk allele; OR= odds ratio; CI= confidence interval.
